that induces morphological development and secondary metabolism in Streptomyces griseus. A diffusible yellow pigment is produced by S. griseus in an A-factor-dependent manner under phosphate depletion. Detailed analysis of the pigment production by S. griseus cultivated in minimal liquid medium containing different concentrations of phosphate showed that the pigment was actively produced in the presence of low concentrations of phosphate and the production of the pigment was completely repressed in the presence of 2.5mM KH2PO4. HPLC analysis of the culture supernatant showed that the pigment consisted of two major, structurally related compounds and they were produced at different ratios depending on the concentration of phosphate in the medium. The structures of the two major compounds, designated as grixazone A and B, were determined by spectroscopic analyses as 1-[[2-
that induces morphological development and secondary metabolism in Streptomyces griseus. A diffusible yellow pigment is produced by S. griseus in an A-factor-dependent manner under phosphate depletion. Detailed analysis of the pigment production by S. griseus cultivated in minimal liquid medium containing different concentrations of phosphate showed that the pigment was actively produced in the presence of low concentrations of phosphate and the production of the pigment was completely repressed in the presence of 2.5mM KH2PO4. HPLC analysis of the culture supernatant showed that the pigment consisted of two major, structurally related compounds and they were produced at different ratios depending on the concentration of phosphate in the medium. The structures of the two major compounds, designated as grixazone A and B, were determined by spectroscopic analyses as 1-[[2-(acetylamino)-2-carboxyethyl]thio]-2-amino-3-oxo-8-formyl-3H-phenoxiazine and 1-[[2-(acetylamino)-2-carboxyethyl]thio]-2-amino-3-oxo-8-carboxyl-3H-phenoxiazine, respectively. Grixazone A was a novel compound, although grixazone B was reported in a patent as a parasiticide produced by Streptomyces sp. DSM3813. most of which have been shown to act as signals for the onset of antibiotic production. A-factor (2-isocapryloyl-3R-not only antibiotic production but also morphological differentiation in S. griseus1,2). A-factor is produced in a We have observed that S. griseus produces a diffusible yellow pigment when cultured on a phosphate-depleted SMM agar plate4). No yellow pigment production was observed on a standard SMM agar plate containing 2.5mM KH2PO4. To clarify the relationship between the yellow pigment production and phosphate concentration in the medium, we analyzed production of the pigment by S.
griseus cultivated in minimal liquid medium containing different concentrations of phosphate. As shown in Fig. 1A , a clear correlation between the growth of S. griseus and the phosphate concentration was observed. In the presence of 2.5mM KH2PO4, the strain grew most vigorously. As the concentration of KH2PO4 decreased, the growth rate became low. In the absence of KH2PO4, the strain could not grow (data not shown). Production of the yellow pigment was examined by measuring the absorbance at 433nm (A433) of the culture supernatant (Fig. 1B) . In the presence of 0.1, 0.25, and 0.5mM KH2PO4, yellow pigment production began on day 2 (early stationary phase), while it began on day 3 in the presence of 1.0mM KH2PO4. This may be because the concentration of phosphate at day 2 in the medium containing 1.0mM KH2PO4 dose not decrease to the critical level that induces the pigment production. In the presence of 2.5mM KH2PO4, no yellow pigment Table 1 . NMR Assignments of 1 and 2.a a Spectra were obtained in DMSO-d6 on a JEOL GX-500. b,c,e May be exchanged. d C-2 and 4a, C-2 and 10, C-4a and C-10, or C-2, 4a and 10.
Coupling constants in Hertz are given in parentheses.
VOL. 57 NO. 3 THE JOURNAL OF ANTIBIOTICS 221 production was observed even at day 5. Although a small increase of A433 was observed in the culture supernatant, the yellow pigment was not detected by HPLC analysis (data not shown). These results indicated that the yellow pigment production was induced by phosphate depletion.
HPLC Analysis of the Yellow Pigment
For isolation and structure determination of the yellow pigment, the culture size was increased from 100ml to 1 liter and the effect of phosphate on the pigment production was examined again. In the scale-up culture, the yellow pigment was not produced in the presence of 1.0mM KH2PO4 even at day 5. The pigment was produced when the concentration of KH2PO4 was below 0.75mM. HPLC analysis of the culture supernatant revealed that the pigment consisted of two major compounds, later designated as grixazone A and B (Fig. 2A) . Similar UVvisible spectra of both compounds (Fig. 2B) suggested that they had a common chromophore. Interestingly, the ratio of the amounts of both compounds was varied depending on the phosphate concentration. Grixazone A was a major product in the presence of 0.25mM KH2PO4, whereas grixazone B was a major product in the presence of 0.75mM KH2PO4. In the presence of 0.5mM KH2PO4, both compounds were produced in almost the same amount. The molecular mechanism for this observation remained to be elucidated. No yellow pigment production by an A-factordeficient strain (HH1) and an adpA-disrupted strain was confirmed by HPLC analysis of their culture supernatants (data not shown). (Table 1 ) and the long-range couplings between the aldehyde proton and the ring carbons indicated that the aldehyde group is present at C-8 of the chromophore11) (partial structure (B), Fig. 3 ). These results showed that 1 should have a carboxy group in the partial structure (A) and an amino group at C-2 of the partial structure (B) to fulfill the molecular formula of 1, and that the amino acid residue should connect to C-1 or C-4 of the partial structure (B) through a remaining sulfur atom. This connection was supported by a long-range coupling between the methylene protons of the N-acetylcysteine difficult to determine whether the carbon is C-1 or C-4 due 2-aminophenoxazin-3-one moiety11). The 3JC,H and 2JC,H 4) were not useful to determine the position, and the 4JC,H coupling between the proton and C-5a or C-9a was not observed. However, information of 3JH,N coupling strongly suggested the connection at C-1. Namely, a 3JH,N coupling observed in the 1H-15N HMBC spectrum of 1, but that under the same measurement conditions. Thus, the structure of grixazone A (1) was determined as shown in 
